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ABSTRACT: Over the past decade, our knowledge of how homeostatic systems regulate food intake and body 
weight has increased with the discovery of circulating peptides such as leptin, acyl ghrelin, des-acyl ghrelin and 
obestatin. These hormones regulate the appetite and food intake by sending signals to the brain regarding the 
body's nutritional status. The purpose of this study was to investigate the response of appetite-regulating 
hormones to exercise. Nine overweight women undertook two 2 h trials in a randomized crossover design. 
In the exercise trial, subjects ran for 60 min at 50% of maximal oxygen uptake followed by a 60 min rest period. 
In the control trial, subjects rested for 2 h. Obestatin, acyl ghrelin, des-acyl ghrelin and leptin concentrations 
were measured at baseline and at 20, 40, 60, 90 and 120 min after baseline. A two-way ANOVA revealed 
a significant (P<0.05) interaction effect for leptin and acyl ghrelin. However, changes in obestatin and des-acyl 
ghrelin concentration were statistically insignificant (P>0.05). The data indicated that although acute treadmill 
exercise resulted in a significant change in acyl ghrelin and leptin levels, it had no effect on plasma obestatin 
and des-acyl ghrelin levels. 
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INTRODUCTION ^^^^^^^^^^^^^^^^^m 

The incidence of obesity is increasing rapidly in developed and 
certain developing countries. Obesity is related to several serious 
chronic diseases including diabetes mellitus, coronary heart disease 
and cancer. Physical activity and diet are the two most important 
modifiable behaviours to regulate body weight and to prevent and/ 
or reduce obesity. Body weight regulation is a complex process, 
involving various systems. While the mechanism by which physical 
activity may counteract obesity is well known, modifying the ener- 
getic balance by increasing energy expenditure, the mechanisms 
behind regulation of appetite and food intake are poorly understood. 
However, over the past decade, our knowledge of how homeostatic 
systems regulate food intake and body weight has increased with 
the discovery of circulating peptides such as leptin, ghrelin and 
obestatin. These hormones regulate the appetite and food intake by 
sending signals to the brain regarding the body's nutritional sta- 
tus [9]. 

The discovery of leptin has improved our understanding of the 
relationship between adipose tissue and energy homeostasis. Leptin 
is synthesized and secreted by adipocytes, and informs the brain 



about the status of energy stores present in adipose tissue [15]. 
At present, much attention has been focused on gut hormones, 
which are generated in the gastrointestinal tract and integrated in 
the brain to regulate appetite and energy balance. Ghrelin, 
a 28 amino acid acyl peptide, was isolated from the human and rat 
stomach as the endogenous ligand for the growth hormone (GH) 
secretagogue receptor type 1-a (GHS-Rla) [11,18]. Ghrelin has 
two forms in the circulation: acyl and des-acyl ghrelin [11,18]. 

In addition to ghrelin, obestatin is a newly discovered hormone 
that originates from the preproghrelin gene, and results from post- 
translational processing of amino acids 75-98 of the preproghrelin 
peptide [13]. Obestatin is mainly produced in the stomach and 
other organs in the gastro-intestinal tract and has a variety of func- 
tions. Studies indicate that obestatin, an anti-hunger peptide, plays 
an important role in energy balance and body weight [13]. While 
ghrelin and obestatin have the same gene structure, their effects on 
food intake and appetite are opposite [26]. Ghrelin stimulates ap- 
petite and gastric motility whereas obestatin has been reported to 
reduce appetite, food intake and gut motility in rats [9]. Although 
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the mechanisms by which obestatin carries out its actions are not 
clearly known, there is evidence that it may modulate ghrelin's ef- 
fect [9]. 

Exercise is an essential part of any weight management pro- 
gramme. Physical activity improves the health status of obese indi- 
viduals and helps to reduce body weight. It is possible that obestatin, 
ghrelin forms and leptin may provide a better understanding of how 
physical activity contributes to weight management and health im- 
provements. 

Several studies have investigated the acute effects of exercise on 
appetite-regulating hormones in women [3,14,19,20,23,26] and 
the majority of these studies have focused on ghrelin and leptin. 
Currently, little is known about the influence of acute exercise on 
appetite-regulating hormones in overweight women. Therefore the 
objective of this study was to investigate obestatin, acyl-ghrelin, 
des-acyl ghrelin and leptin levels and their relation with each other 
during and after acute exercise in overweight women. 

MATERIALS AND METHODS ^^^^^^^^^^^^H 

Subjects. Nine overweight/obese women participated voluntarily in 
the study and written informed consent was obtained from all subjects 
before participation. All women were between the ages of 20 and 
24 and had a BMI between 26.5 and 32.4 kg-m"^. Table 1 sum- 
marizes descriptive statistics for the subjects. Participants complet- 
ed a health screen and a physical activity questionnaire. Subjects 
were excluded from participation in the study if they had a history 
of a chronic disease, uncontrolled hypertension or taking blood pres- 
sure medication, any condition that would alter one's metabolism or 
ability to exercise, diagnosed psychological disorders, recent weight 
loss of greater than 5 kg, irregular menstrual cycles {<25 days or 
>35 days between cycles), or low levels of sleep (<6 h ■ night 
Participants had regularly occurring menstrual cycles, and were con- 
sidered "low exercise risk" as per the American College of Sports 
Medicine (ACSM) guidelines. The study was approved by the ethical 
board of the Abant izzet Baysal University School of Medicine Clin- 
ical Laboratory Research, Bolu, Turkey, and Lehman College, 
The City University of New York, NY, USA, and it was performed in 
accordance with the principles of the Declaration of Helsinki. 

Specific procedures 

Dietary protocol: Participants were asked to maintain their normal 
dietary and physical activity programmes throughout the duration of 
the study. Subjects refrained from physical exercise, alcohol and 
caffeine for 24 h before testing. Because energy balance and mac- 
ronutrient intake can influence appetite-regulating hormones, it was 
important to provide the same diet during the 24 h before each 
testing day Throughout the day before the first main trial, participants' 
weight and food intake were recorded. Participants then replicated 
this food intake during the day before the second main trial. Par- 
ticipants were also provided with a standardized evening meal and 
asked to eat it at around 8:00 pm on the day preceding each of 
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the study days. Dietary intake was analysed by using diet analysis 
software (Diet Analysis Plus®, Version 4.0, ESHA Research, Salem, 
OR). 

Baseline testing: Approximately two weeks before initiation of 
the experimental protocol, VOgmax was determined on a motor-driven 
treadmill (HP Cosmos Mercury Med 4.0) using standard Bruce pro- 
tocol testing in accordance with ACSM recommendations [4]. Oxygen 
consumption (VOg) and carbon dioxide production (VCOj) were 
measured throughout the entire exercise session using a computer 
controlled breath-by-breath analyser. Cortex II Metalyser (Cortex, 
Biophysik, Leipzig, Germany). The highest achieved value for oxygen 
consumption was considered the subject's V02max- Heart rate (HR) 
was measured continuously throughout the test using a commer- 
cially available HR monitor (Polar S725X, Polar Electro, Finland). 
The test was terminated when subjects stated they could no longer 
continue with the maximum workload. At the terminal workload, all 
subjects had to meet at least two of the following criteria for a valid 
test: (1) a final respiratory exchange ratio (RER) > 1.0, (2) O2 con- 
sumption increased by <2 ml-kg"^ with an increase in exercise in- 
tensity (3) with attainment of >85% of age-predicted maximal heart 
rate. 

Experimental protocol and main trials 

Participants were given at least one week to recover from the pre- 
liminary exercise tests before performing two main trials (exercise 
and control) in a random, crossover design with an interval of at least 
one week between trials. The two test trials were scheduled in 
the follicular phase of the participants' menstrual cycle (between 
days 1 and 11) and spaced either 2 to 10 days or 1 menstrual cycle 
(3 to 5 wks) apart to control the interference of reproductive hormones 
with appetite-regulating hormones. 

After an overnight fast, participants arrived at the laboratory at 
8:00 am and an intravenous catheter was inserted into an antecu- 
bital vein (8:15 am). At 8:50 am, 10 min prior to exercise, resting 
blood samples were collected from the catheter The exercise test 
day consisted of a 60 min treadmill exercise at 50%V02max followed 
by 1 h of rest, whereas the control day consisted of 2 h of rest. 
Adjustments were made to the treadmill speed if it was deemed 
necessary. 

Blood samples were collected at baseline and at 20, 40, 60, 90 
and 120 min after baseline for the determination of leptin, acylated 
ghrelin, des-acylated ghrelin and obestatin. Heart rate was recorded 
every 5 s during the treadmill exercise by Polar heart monitors (Po- 
lar S725X, Polar Electro, Finland). Oxygen consumption and carbon 
dioxide production were measured every 10 s during the 60 min 
exercise using a Cortex II Metalyser (Cortex Biophysik, Leipzig, Ger- 
many) and the mean respiratory exchange ratio (RER) was calcu- 
lated from the recorded measurements. The analyser was calibrated 
before the test with gases of known concentration according to the 
manufacturer's guidelines (15.06% Og, 5.11% CO2& bal. in N2). 
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After the resting/exercise intervention, participants stayed in 
tlie clinical investigation unit but were free to write/read quietly 
{t=60-120 min). 

Blood samples and hormone analysis 

Blood samples w/ere draw/n into chilled tubes containing NajEDTA 
(1.25 mg-ml"^) and p-hydroxybenzoic acid (p-HBA). Immediately 
after collecting blood samples, the sample tubes were centrifuged at 
1500 g for 15 min at 4°C for hormones (obestatin, acylated ghrelin 
and des-acylated ghrelin). The obtained plasma samples were mixed 
with 1 mol- HCI (hydrochloric acid) at a ratio of 1/10 and were 
stored at -70°C until assayed. Blood samples for leptin were drawn 
into red cap tubes and centrifuged after completion of clot formation, 
and the serum samples were stored at -70°C until the day of the 
hormone measurements. Serum leptin concentration was measured 
using a commercial sandwich enzyme-linked immunosorbent assay 
(EIA-2395; DRG Diagnostics, Marburg, Germany) with a limit of 
detection of 1.0 ng-ml ^ The intra- and inter-assay coefficients of 
variation were 11.6% and 6%, respectively Plasma acylated ghrelin 
assay was performed using a commercially available ELISA (EIA- 
A05106; Biotech Centre, SPI Bio & Ellipse Pharmaceuticals; Bertin 
Pharma, Montigny le Bretonneux, France) with a detection limit of 
1.5 pg-ml ^ The intra- and inter-assay coefficients of variation were 
6.7% and 5.9%, respectively Plasma des-acylated ghrelin assay 
was performed using a commercially available ELISA (EIA-A05119; 
Biotech Centre, S PI Bio & Ellipse Pharmaceuticals; Bertin Pharma, 
Montigny le Bretonneux, France) with a detection limit of 2.0 pg-ml ^ 
The intra- and inter-assay coefficients of variation were 4.4% and 
3.8%, respectively Plasma obestatin assay was performed using 
a commercially available ELISA (EIA-S-1284; Peninsula Laboratories, 
San Carlos, CA, USA) with a detection limit of 1.5 ng-ml ^ The 
intra- and inter-assay coefficients of variation were 11% and 5.5%, 
respectively At each blood sampling point, duplicate 20 /jL blood 
samples were collected into micropipettes for the measurement of 
haemoglobin concentration and triplicate 20 /jL blood samples were 
collected into heparinized micro haematocrit tubes for the determina- 
tion of haematocrit. Haemoglobin and haematocrit values were used 
to assess plasma volume changes [7]. 

Statistical analysis 

Statistical analysis was carried out using SPSS version 17.0 (SPSS, 
Inc., Chicago, IL, USA). All the variables were checked regarding 
their normal distribution using the Shapiro-Wilk test and data are 
presented as means ±SD. Repeated-measures, two-factor ANOVA 
was used to examine differences between the two trials over time 
for obestatin, acylated ghrelin, des-acylated ghrelin, leptin and plas- 
ma volume change. Between-trial differences at each time point were 
examined using one-way ANOVA and Bonferroni post hoc tests when 
significant interactions were found. Differences in energy and mac- 
ronutrient intakes of the controlled diet and differences between 
baselines values of hormones were assessed using paired sample 



t-tests. Pearson correlation coefficients were calculated to examine 
relationships between variables. Plasma volume changes did not 
differ significantly between trials, and the unadjusted values are 
presented. Statistical significance was accepted at the 5% level. 

RESULTS ^^^^^^^^^^^^^^^^^^^^H 

Baseline characteristics 

Nine subjects volunteered for this study Descriptive statistics are 
shown in Table I. Subjects were overweight or obese (BMI: 
28.32±1.82 kg-m^), had a mean age of 22.83±1.38 years, and 
were relatively sedentary with an average VOjmax of 32.66±5.12 
ml-kg"^-min ^ 



TABLE I. DESCRIPTIVE STATISTICS 



Age (yr) 


22.83 ±1.38 


Body weight(kg) 


78±5.31 


Height (m) 


1.64±0.03 


BMI (kg m-2) 


28.32±1.82 


VOgmax (ml ■kg-'' ■min-'') 


32.66±6.12 



Note: values are mean±SD 



The energy and macronutrient intakes of the controlled diet were 
similar (paired t-test, P>0.05) before exercise and control trials. 

Baseline obestatin, acylated ghrelin, des-acylated ghrelin and 
leptin concentrations did not differ significantly (paired t-test, P>0.05) 
between trials (Table II). 

TABLE 2. BASELINE HORMONE CONCENTRATIONS BEFORE 
EXERCISE AND CONTROL TRIALS 

Exercise* Rest* P value'^ 

Obestatin (ng^ ml-'') 5.27±0.86 5.04±0.57 0.53 

Acylated Ghrelin (pg mM) 54.55±9.19 54. 12± 10.99 0.93 
Des-acyl Ghrelin (pg ml '') 388.77±59.50 393.37±64.53 0.88 
Leptin (ng m|-^) 5.77±1.06 5.19±1.05 0.28 

Note: *Mean±SD, ^ Based on paired t-test. 

Responses to treadmill running 

During exercise, average heart rate was 141.55±5.68 beats- min-\ 
mean %V02max was 53.05±3.34 % ml-kg^-min"^ and mean re- 
spiratory exchange ratio was 0.88±0.09. 

Plasma obestatin, acylated ghrelin, des-acylated ghrelin and serum 
leptin, changes over time 

Two-factor ANOVA revealed a main effect of trial (P<0.05), a main 
effect of time (P<0.05) and a trial and time interaction (P<0.05) 
for acylated ghrelin and leptin concentrations. Post hoc analysis in- 
dicated that there were significant differences between exercise and 
control trials at 40 min and 60 min for acylated ghrelin and leptin 
(P<0.05) (Figure 1). 
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FIG. I . ACYLATED GHRELIN, OBESTATIN, DES ACYL GHRELIN AND LEPTIN CONCENTRATIONS OVER 120 MIN DURING THE EXERCISE AND CONTROL 
TRIALS. THERE WAS AN EFFECT OF TRIAL (P<0.05), AN EFFECT OF TIME (P<0.05), AND A TRIAL X TIME INTERACTION (P<0.05) FOR ACYLATED 
GHRELIN AND LEPTIN 

Note: *Significantly different from the control trial (P<0.05) after Bonferroni adjustment 



Two-factor ANOVA revealed a main effect of time (P< 0.01) for 
des-acylated ghrelin and obestatin but there was no main effect of 
trial (P>0.05) and no interaction effect (P>0.05) (Figure 1), indicat- 
ing that des-acylated ghrelin and obestatin changed significantly 
during the trials but were not influenced by exercise. 

Correlations 

There were no significant correlations (P>0.05) between obestatin, 
acylated ghrelin, des-acylated ghrelin and leptin in baseline values 
and over other periods either for the exercise trial or the control trial . 

DISCUSSION ^^^^^^^^^^^^^^^^^^^m 

In this study, the obestatin, leptin, acylated ghrelin and des-acylat- 
ed ghrelin concentrations and their relation with each other during 
and after moderate intensity exercise were investigated to contribute 
to our understanding of the relationship between exercise and appe- 
tite-regulating hormones. The results of the present study indicated 
that acute treadmill exercise at moderate intensity did not change 
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plasma obestatin and des-acyl ghrelin concentrations. However, 
a significant decrease in plasma acylated ghrelin and leptin was 
observed after exercise and there were no correlations between vari- 
ables over the exercise trial. 

To the authors' knowledge, the present study is the first study to 
examine obestatin levels after acute moderate intensity exercise in 
overweight women. There are a limited number of studies that have 
investigated the effects of exercise on obestatin; some of these studies 
were not properly designed and some were conducted on animals. 
These studies have observed decreases [10,15], increases [1 ,27,30] 
or no alterations [8,11,20,26] in obestatin concentration following 
exercise. In the present study, acute moderate intensity aerobic 
exercise had no effect on plasma obestatin level. In agreement with 
our findings, obestatin was not altered by single circuit-resistance 
exercise, or by acute aerobic and anaerobic exercise in women 
[8,10,20,26]. Ghanbari etal. [10] found that acute resistance exercise 
with different intensities (40%, 50% and 80% of one maximum 
repetition) had no effect on plasma obestatin level. Ebrahimniaetal. [8] 
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also reported that single circuit-resistance exercise and single aerobic 
exercise (70%V02max) had no impact on obestatin level. Manshouri 
et al. [20] investigated the response of obestatin levels to short-term 
anaerobic interval exercise training. The results showed that short- 
term anaerobic exercise had no effect on plasma obestatin levels. 
However, plasma obestatin level was decreased after 4 weeks of 
circuit resistance training (80% of one repetition maximum) [16] 
and weight reduction due to a long-term lifestyle intervention in obese 
children [27]. Meanwhile, other studies reported an increase in 
response to lifestyle intervention [1] and after long duration, high 
volume training in male rats [12]. Zuo et al. [30] reported that 
a camp that included 3 h of aerobic exercise every day resulted in 
higher plasma ghrelin and obestatin concentrations after weight 
reduction. The inconsistent findings may be due to the intensity, 
duration and type of exercise employed and/or the sex of the subjects. 

Leptin and ghrelin are two hormones that have been recognized 
to have a major influence on energy balance [17]. These hormones 
regulate appetite and food intake by sending signals to the brain 
regarding the body's nutritional status. Leptin is a mediator of long- 
term regulation of energy balance, suppressing food intake. 
On the other hand, ghrelin is a fast acting hormone, seemingly play- 
ing a role in meal initiation [10]. Whether ghrelin has an influence 
on circulating leptin levels has not yet been demonstrated [17]. 

In the current study, exercise resulted in a decrease of serum 
leptin. Most of the current studies elaborating on the effects of ex- 
ercise on leptin support this finding [5,6,29]. The mechanisms ex- 
plaining the factors relating to leptin during exercise are not well 
understood. The reduction of leptin has been attributed to alteration 
in energy balance, improvements in insulin sensitivity and alteration 
in lipid metabolism and lipid concentration [21]. 

The effects of exercise on acylated ghrelin and des-acyl ghrelin 
are fairly controversial and depend on the intensity and duration of 
exercise [14,24,28]. We here report a significant reduction of plas- 
ma acylated ghrelin level but not des-acyl ghrelin during acute exer- 
cise. The decrease in acylated ghrelin during exercise in our subjects 
is in agreement with previous research [22,24], but des-acyl ghrelin 
concentrations were not examined in these studies. 

At present, the cause of the decrease in acylated ghrelin during 
acute moderate exercise is still unclear. Reduced acylated ghrelin 
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